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0 Engine control system. 

0 An engine control system comprising a variable 
valve actuating mechanism (14) for an engine (1) 
which may consist of a mechanism capable of vary- 
ing valve timing, a variable capacity supercharger (7) 
which may consist of a turbocharger provided with 
moveable vanes for varying a cross sectional area of 
an exhaust gas passage leading to a turbine wheel, 
and a control unit (21) for controlling a valve actuat- 
ing operation of the valve actuating mechanism and 
^a capacity varying operation of the variable capacity 
supercharger. The capacity of the supercharger is 
2 controlled by taking into account the operating con- 
editions of the valve actuating mechanism. Thus, the 
control unit is capable of achieving a precise and 
J® prompt control action, and. by appropriately deter- 
CO mining the control plan, it is possible to increase the 
maximum output of the engine and/or to recuce 
strain on the engine. 
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ENGINE CONTROL SYSTEM 



The present invention relates to an engine con- 
trol system for an engine equipped with a variable 
valve actuating mechanism, such as a variable 
valve timing system, and a variable capacity super- 
charger, such as a turbocharger having moveable 
vanes to vary the cross sectional area of the ex- 
haust gas passage leading to a turbine wheel, and 
provides an engine control system which permits 
the advantages of both a variable valve actuating 
mechanism and a variable capacity supercharger 
to be fully utilized by harmonious combination of 
the two variable elements. 

A valve operation switching unit for improving 
the volume efficiency of the combustion chambers 
over a wide operation range by changing at least 
either the angular interval of opening the intake 
valves and/or exhaust valves for each cylinder or 
the lift of the valves is proposed for instance in 
Japanese patent laid open publication No. 63- 
161 11. 

A variable capacity supercharger offering an 
optimum supercharge pressure over a wide operat- 
ing range with a high responsiveness by varying 
the A/R ratio of an exhaust passage leading to a 
turbine wheel by means of a flap or a plurality of 
vanes is proposed in Japanese patent laid open 
publication No. 62-282128. 

According to such a variable capacity super- 
charger, since a supercharge pressure which is 
suitable for each operating condition can be ar- 
bitrarily and accurately obtained, an even further 
improvement can be achieved particularly by com- 
bining a valve operating condition switching unit 
and a variable capacity supercharger. 

In a low speed range it is possible to increase 
the speed of intake flow directed to the combustion 
chambers by reducing the angular interval of open- 
ing the valves and/or the valve lift, but this tends to 
limit the intake flow rate as the rotational speed of 
the engine increases. Conversely, by increasing 
the angular interval of opening the valves and/or 
the valve lift in high speed range, the volume 
efficiency of the engine intake improves as the 
rotational speed of the engine increases. Therefore, 
if a variable capacity supercharger used in con- 
junction with a valve operating condition switching 
unit is controlled in the same way as if it were used 
for an engine without any such valve operating 
condition switching unit, it would not be possible to 
obtain an optimum performance of the engine in all 
of its operating range. 

In particular, since the change in the movement 
of the valves during each cycle of engine operation 
will affect conditions of the intake passages (sucn 
as the resonance frequency of the intake passage. 



the volume efficiency of engine intake, etc.). it is 
advantageous to adapt the mode of controlling the 
supercharger :o such changes. For instance, in an 
engine using a valve timing adjusting system which 
5 switches over valve timing in step-wise fashion 
according to the change in the rotational speed of 
the engine, as the rotational speed of the engine is 
increased, the torque output reaches a peak value 
and then gradually diminishes before the valve 

to timing is switched over from a low speed mode to 
a high speed mode. This decline in the torque 
output between the point of the torque peak and 
the point of valve timing switch over may be felt by 
the operator as a torque dip. and it is desired to 

j s remove such a torque dip. 

As an additional consideration, such a complex 
control action should not involve any undue delay 
as such a delay will seriously impair the commer- 
cial value of the vehicle on which the engine is 

20 mounted. However, a high responsiveness of an 
engine must be accompanied by a sufficient con- 
trol stability. 

Further. «n view of the complexity of the overall 
control system, it is desired to have a fail safe 

25 feature to be incorporated into the system. 

Based upon such and other recognitions, a 
primary object of the present invention is to pro- 
vide an engine control system which can achieve a 
maximum improvement in the performance of an 

30 engine which incorporates both a variable capacity 
supercharger and a variable valve actuating unit. 

A second object of the present invention is to 
provide such an engine control system which com- 
bines a fast response and a stable control action. 

35 A third object of the present invention is to 

provide such an engine control system which can 
eliminate the occurrence of a torque dip which may 
occur if the valve actuating mechanism is varied in 
step-wise fashion and the rotational speed is in- 

jo creased close to a point of a step-wise varying 
action. 

A fourth object of the present invention is to 
provide such an engine control system which is 
protected from operating in any undesirable fashion 

js even in case of a system failure. 

These and other objects of the present inven- 
tion can be accomplished by providing an engine 
control system, comprising: valve actuating con- 
dition varying means for varying a state of a valve 

50 actuating mechanism of an engine: capacity vary- 
ing means for varying a supercharge capacity of a 
variable capacity supercharger; and control means 
for controlling a valve actuating condition varying 
operation of the valve actuating condition varying 
means and a capacity varying operation of the 
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capacity varying means according to an operating 
condition including at least a rotational speed of the 
engine; the control means carrying out the capacity 
varying operation in dependence upon an operating 
condition of the valve actuating mechanism. 

Thus, an optimum control of supercharge pres- 
sure can be accomplished in response to an op- 
erating condition of valves, in particular, if the con- 
trol means increases the supercharge pressure »n 
case of high speed operation of the engine, the 
high speed performance of the engine can be 
improved. Conversely, if suoercnarge pressure is 
decreased according to the increase in the torque 
output of the engine owing to the switching of the 
valve operating condition, strain on the engine can 
be reduced in its high speed operating condition. 

According to a preferred embodiment of the 
present invention, the control means carries out the 
capacity varying operation of the supercharger by 
an open loop control process at least when the 
valve actuating means is adapted for a low speed 
operating condition of the engine, and by a closed 
loop control process at least; when the valve actuat- 
ing means is adapted for a" high speed operating 
condition of the engine. Typically, the open loop 
control process consists of a map control which 
determines the supercharge capacity according to 
a rotational speed of the engine and an opening 
angle of a throttle valve or an intake negative 
pressure. 

According to the preferred embodiment of the 
present invention, in order that an undesirable dip 
in the output property of the engine due to the 
changes in the intake conditions of the engine due 
to the activation of the valve actuating condition' 
varying means may be avoided, the control means 
may change the supercharge pressure of the su- 
percharger at least in a low speed range from a 
normally controlled level to a boosted level accord- 
ing to a change rate of a level of supercharge 
pressure, and/or a change rate of a rotational 
speed of the engine. Normally, the supercharge 
pressure output of the supercharger should be in- 
creased when a decline in the supercharge pres- 
sure is detected as the rotational speed of the 
engine is increased because such decline in the 
supercharge pressure means a decline in the vol- 
ume efficiency of the * engine intake, and. in order 
to remove a torque dip resulting therefrom, the 
supercharge pressure output of the- supercharger 
should be increased to compensate for the reduc- 
tion in the volume efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Now the present invention is described in 
terms of a specific embodiment by way of example 



with reference to the appended drawings, m which: 
Figure 1 is an overall structural diagram cf 
the control system for an engine according to the 
present invention; 
5 Figure 2 is a structural view of a part sur- 

rounding a valve actuating mechanism; 

Figure 3 is a view illustrating the mechanism 
of the variable capacity turbocharger; 

Figures 4a through 4d are flow charts of the 
to control program which is related to the switch over 
of valve timing; 

Figures 5a and 5d are flow charts of ;he 
control program which is related *o the adjustment 
of supercharge pressure: and 
/5 Figures 6 through 1 1 are flow charts of the 

subroutines which are related :o the above men- 
tioned programs. 

20 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Figure 1 shows an overall structure of the in- 
take and exhaust system of an engine to which the 
25 present invention is applied. In this engine mam 
body 1, for instance consisting of an m-iine four- 
cylinder engine, an intake manifold 3 leading to the 
intake port 2 of each cylinder is connected to an 
intake tube 4, a throttle body 5. an interccoier 3. a 
30 compressor unit 8 of a variable capacity super- 
charger 7. and an air cleaner 9. m that order. An 
exhaust manifold 11 leading to the exhaust port 10 
of each cylinder is connected to a turbine unit 1 2 
of the variable capacity supercnarger 7. and a 
35 catalytic converter 13. 

A valve mechanism 14 provided for controlling 
the intake of mixture and the exhaust of combus- 
tion gas into and out of the combustion chamber cf 
each cylinder can change valve timing -.n a step- 
40 wise fashion by controlling hydraulic eressure pro- 
duced from an oil pump 15 actuated oy the engine 
main body 1, by way of a solenoia valve 16 ana a 
switching control valve 17. 

The variable capacity supercharger ? can con- 
45 tinually vary a cross sectional area of a passage for 
exhaust gas leading to its turbine unit i2 oy way or 
an actuator 18 which is actuated by supercharge 
pressure P2 immediately downstream of the com- 
pressor unit 8 or intake negative pressure -mme- 
•50 diately downstream of the throttle valve 5 to vary 
the supercharging capacity of -is compressor unit 
8. This turbocharger 7, along «nn me -matczo'-er 3. 
is cooled by cooling water whic". «s c:':-'a:ec cy 3 
water pump 19 actuated by :he eng.re -a-.r. oody 
55 1 through a cooling water system :r.c.uC:r.g 2 'aba- 
tor 20, which is separate from ire coc-r.g water 
system for the engine mam cocy 1 

The engine 1 is equippec wun an ? ectnnic 
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control circuit 21 for controlling the amount of fuel 
injection, valve timing and supercharge pressure 
for the sngine 1 . 

The electronic control circuit 21 receives an oil 
pressure signal Op from an oil pressure switch 22 
of a normally dosed type provided in the switching 
control valve 17, an O2 signal from an oxygen 
concentration sensor 23 provided in the exhaust 
manifold 11 . a rotational speed signal Ne from an 
engine rotational speed sensor 24. a water tem- 
perature signal T w from a cooling water tempera- 
ture sensor 25 provided in the water packet of the 
engine main body 1 . a parking/neutral signal PN 
indicating the shift position of the automatic trans- 
mission system 26 to be either in a parking or 
neutral range, an intake temperature signal T A and 
an intake pressure signal P g from an intake tem- 
perature sensor 27 and an intake pressure sensor 
28. respectively, provided in a part of the intake 
passage 4a downstream of the throttle body 5, a 
throttle valve opening angle signal 9th from a throt- 
tle opening angle sensor 29. a sppercharge pres- 
sure signal P2 from a supercharge pressure sensor 
30 provided in a part of the intake passage 4b 
downstream of the compressor unit 8, an atmo- 
spheric pressure signal P A from an atmospheric 
pressure sensor 31 provided in a part of the intake 
passage 4c extending between the air cleaner 9 
and the compressor unit 8 of the turbocharger 7. 
and a vehicle speed signal V from a vehicle speed 
sensor 32. Output signals from this electronic con- 
trol circuit 21 control the operations of solenoid 
valves for switching over valve timing, fuel injection 
valves 33 for injecting fuel into the intake ports 2. 
and solenoid valves 34 and 35 for controlling the 
supercharge pressure P2 and the intake negative 
pressure P a for actuating the actuator 18 for vary- 
ing the supercharger capacity. 

The valve actuating mechanism 14 is now de- 
scribed in the following with reference to Figure 2. 

The engine to which the present invention is 
applied consists of a so-called DOHC engine in 
which intake valves and exhaust valves are ac- 
tuated by separate camshafts, and each cylinder is 
equipped with two intake valves and two exhaust 
valves. Since the intake valves and the exhaust 
valves have substantially the same structure, only 
the part of the valve actutating mechanism 1 4 
related to the intake valve mechanism is described 
in the following. 

For each cylinder, three rocker arms 41. 42 
and 43 are pivotally supported on a rocker arm 
shaft 40. which is secured to a cylinder head, 
adjacent to each other and so as to be rotatable in 
mutually independent manner. A camshaft 45 is 
rotatably supported by cam journals 44 formed in 
the cylinder head above the rocker arms 41. 42 
and 43. 



The camshaft 45 is provided, for each cylinder, 
with a pair of low speed cams 46a and 46b having 
a relatively small angular interval of opening the 
valves and a relatively small valve lift, and a single 

5 high speed cam 47 having a relatively large open 
valve angular interval and a relatively large valve 
lift. A pair of oil supply tubes 48 and 49 are 
disposed above the camshaft 45 to lubricate the 
camshaft 45 and the sliding surfaces between the 

10 cams and the rocker arms. The free ends of the 
first and second rocker arms 41 and 42 which 
engage with the low speed cams 46a and 46b abut 
the upper ends of the valve stems of a pair of 
intake valves 50a and 50b which are eiastically 

/s urged towards their closed positions. The third roc- 
ker arm 43 disposed between the first and second 
rocker arms 41 and 42 and engaged with the high 
speed cam 47 is engaged, at its lower end. with a 
lost motion spring not shown in the drawing so as 

20 to be normally urged upwards. 

The first through third rocker arms 41 through 
43 which are disposed one next to the other are 
internally provided with a coupling switch over unit 
51 which consists of a guide bore passed through 

25 the rocker arms and switching pins slidably re- 
ceived therein. 

The first rocker arm 41 is provided with a first 
guide bore 52 having an open end facing the third 
rocker arm 43 and a closed bottom end and ex- 

30 tending in parallel with the rocker arm shaft 40. The 
first guide bore 52 slidably receives a first switch- 
ing pin 53 therein. The bottom end of the first 
guide bore 52 defines an oil pressure chamber 54 
which is communicated with an oil supply passage 

35 57 defined in the hollow rocker arm shaft 40 via an 
oil passage 55 defined in the first rocker arm 41 
and an oil supply opening 56 opening on an outer 
periphery of the rocker arm shaft 40. 

The third rocker arm 43 is provided with a 

<iq second guide bore 58 which extends in parallel 
with the rocker arm shaft 40 and aligns with the 
first guide bore 52 in a conformal and coaxial 
manner at its rest position in which its cam slipper 
engages with a base circle of the high speed cam 

45 47, and a second switching pin 59 is received 
therein with its one end abutting the first switching 
pin 53. 

The second rocker arm 42 is likewise provided 
with a third guide bore 60 having a closed bortom 
50 end. and receives a stopper pin 61 therein with ,ts 
one end abutting the other end of the second 
switching pin 59. 

The stopper pin 61 has a stem portion 63 
/^nich is received in a guide sleeve 62 fitted -nto 
55 the bottom end of the third guide bore 60. ana s 
normally eiastically urged towards the third rccxsr 
arm 43 by a return spring 64. 

3y displacing the first and second swkcpt..; 
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pins 53 and 59 in lateral direction as seen in Figure 
2 by means of the oil pressure applied to the oil 
pressure chamber 54 and the biasing force of the 
return spring 64. one can selectively obtain either a 
state in which the rocker arms 41 through 43 can 
move independently as shown in Figure 2 and 
another state in which the rocker arms 41 through 
43 are integrally coupled with one another by the 
switching pins 53 and 59 straddling between the 
adjacent rccker arms so as to simultaneously and 
jointly actuate the two intake valves 50a and 50b. 

The downstream end of the oil supply passage 
57 internally provided in the rocker shaft 40 is 
connected to one of the aforementioned oil pas- 
sages or, more specifically, the high speed oil 
supply tube 49. This high speed oil supply tube 49 
is provided with a nozzle 65 for spraying lubricating 
oil onto a position corresponding to the high speed 
cam 47. 

The other oil supply tube or the low speed oil 
supply tube 48 is connected to a lubrication oil 
passage 66 branched off from an oil gallery. This 
low speed oil supply tube' 48 is provided with 
nozzles 67 for spraying lubricating oil onto posi- 
tions corresponding to the cams 46a. 46b and 47. 
and. additionally, supplies lubricating oil to the cam 
journals 44 via oil passages 68. 

The switching control valve 17. mounted on the 
cylinder head, is actuated by oil pressure which is 
supplied from the solenoid valve 16 controlled by 
the aforementioned control signal.and is internally 
provided with a spool valve 70 which is normally 
urged towards its closed position by a return spring 
69. 

When this spool valve 70 is at its upper closed 
position (as shown in Figure 2), an inflow port 72 
leading to the lubrication oil passage 66 is commu- 
nicated, via an oil filter 71, with an outflow port 73 
leading to the oil passage 57 in the rocker arm 
shaft 40 solely through an orifice 74. At the same 
time, the outflow port 73 is communicated with a 
drain port 75 opening into an upper space of the 
cylinder head, and the oil pressure in the oil supply 
passage 57 thereby drops. Therefore, no oil pres- 
sure is supplied to the oil supply passage 57. and 
the pms 53 and 59 are urged all the way towards 
the oil pressure chamber 54 under the spring force 
of the return spring 64 so that the rocker arms are 
independently actuated by the associated cams 
and undergo independent angular displacements. 
In this case, the oil supplied by the oil pump 15 
from an oil pan 76 to the oil gallery is supplied so 
the low speed lubricating oil supply tube 48 via me 
lubricating oil passage 66, and lubricates the Slid- 
ing surfaces between the cams and the rocker arm 
as well as the cam journals 44. 

When the spool valve 70 is switched over to its 
lower open position, the inflow port 72 commu- 



nicates with trie outflow port 73 via an annular 
groove 77 of the spool valve 70 and the outflow 
port 73 is disconnected from the drain port 75 so 
that oil under pressure is supplied from the lubrica- 
5 tion oil passage 56 to the oil supply passage 57. 
As pressurized oil is thereby supplied to the oil 
pressure chamber 54 of the first rocker arm 41. the 
lirst and second switching pins 53 and 59 are 
forced »nto the second guide bore 53 and the third 
to guide bore 50. respectively, against the biasing 
force of the return spring 64. and the rocker arms 
41 through *3 are integrally coupled with one an- 
other. The pressurized oil -*hich is supplied to the 
oil supply passage 57 to actuate the coupling 
:5 switch over unit 51 is then supplied to the high 
speed lubrication oil supply tube 49 via the down- 
stream end of the oil supply passage 57 to lubri- 
cate the sliding surface between the high speed 
cam 47 and the third rocker arm 43. 
20 The spool valve 70 is switched over to its open 

position, against the biasing force of the return 
spring 69. by a pilot pressure which is applied to 
the upper end of the spool valve 70 from a pilot oil 
passage 73 branched off from the inflow port 72. 
25 The normally closed solenoid valve 16 is inter- 
posed in this pilot oil passage 78 and the solenoid 
of this solenoid valve 16 is controlled by ah output 
signal from the electronic control circuit 21 in such 
a manner that the spool valve 70 is brought to its 
30 open position by opening of the solenoid valve 16 
to thereby achieve a high speed valve timing and 
the spool valve 70 is brought to its closed position 
by closing of the solenoid valve 16 to thereby 
achieve a low speed valve timing. 
35 The switching action of the spool valve 70 is 

monitored by the oil pressure switch 22 provided in 
the housing or the switching control valve 17 to be 
turned on and off depending on the detection of a 
low pressure and a high pressure, respectively, in 
±o the oil pressure of the outflow port 73. 

The variable capacity turbocharger 7 is now 
described in the following with reference to Figure 
3. As this turbocharger 7 is conventional as far as 
its compressor unit 8 is concerned, only its turbine 
45 unit 12 is described in the following. 

A turbine casing 80 of the turbocharger 7 is 
provided with a scroll passage 81 whose cross 
sectional area gradually diminishes towards its 
downstream end. and an exhaust outlet 82 opens 
so out from this scroll passage 81 along its tangential 
direction. In a central part of the scroll passage 81 
is located a turbine wheel 83 which is integrally 
attached to an end of a turbine shaft coaxial to the 
comcressor shaft. 
55 inside the scroll passage 31 are provided four 

arcuate fixed vanes 84 which are integral with the 
turbine casing 80 and arranged on a common 
circle at an equal interval and an equal width. Thus. 
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the scroll passage 81 is separated into an outer 
passage 85 and an inner passage 86 by these 
fixed vanes 34. 

Four moveable vanes 87, each having a sub- 
stantially same curvature as the fixed vanes 84, are 
disposed between the fixed vanes 84 on the same 
common circle as the fixed vanes 84. Each of the 
moveable vanes 87 is pivotaiiy supported at one of 
its circumferential ends so as to be pivotable only 
into the interior of the aforementioned common 
circle and define a continual aerofoil in cooperation 
with the adjacent fixed vane 84. The inclination 
angle of each of the moveable vanes 87 is contin- 
ually controlled by a moveable vane actuation con- 
trol unit which will be described hereinafter. 

The moveable vane actuation control unit com- 
prises lever members 39 each projecting integrally 
from a pivot shaft 88 of each of the moveable 
vanes 87. a pair of see-saw members 91 each 
pivotaiiy supported and provided with slots 90 on 
either end thereof for engagement with two of the 
lever members 89. a pair of link 'arms 94 each of 
which is coupled with the pivot shaft 92 of one of 
the see-saw members 91 at its one end and to a 
link rod 93 at its other end. and the actuator 18 
serving as a drive source for the moveable vanes 
87. This actuator 18 is provided with a drive shaft 
95 which is adapted to move axially back and forth 
by fluid pressure and coupled with the link rod 93 
via a coupling rod 96. 

In the above described link mechanism, the 
drive shaft 95 and the coupling rod 96 are coupled 
with each other by a ball joint 97, and the coupling 
rod 96 and the link rod 93 are coupled with each 
other by a crevice joint 98 in such a manner that 
the actuating force from the actuator 18 may be 
smoothly transmitted to the link arm 94. Also, in 
order to define fully open positions of the moveable 
vanes 87 by restricting the stroke of the drive shaft 
95. the coupling rod 96 is integrally provided with a 
stopper 101 which abuts an adjusting bolt 100 
threaded with a bracket 99 integrally mounted on 
the turbine casing 80. 

The actuator 18 comprises a cup-shaped cas- 
ing 102. and a diaphragm 104 secured to the open 
end of the casing 102 by crimping a cover 103 
thereon, and this diaphragm 103 defines a negative 
pressure chamber 105 and a positive pressure 
chamber 106 in the actuator 18. 

A base end of the drive shaft 95 is attached to 
a central pan of the diaphragm 104 via retainers 
107 and 108. A compression coil spring 109 is 
interposed between the retainer 107 facing the 
negative pressure chamber 105 and the bottom 
wall of the casing 102 to normally urge the dia- 
phragm 104 along with the drive shaft 95 towards 
the cover 103 or rightward as seen in Figure 3. 
The drive snaft 95 is slidably supperted by a 



central part of the bottom wall of the casing 1 02. 
The part of the drive shaft 95 projecting cut of the 
bottom wall of the casing 102 is enclosed, in an air- 
tight fashion, by a soft and fnctionless bellows 110 

5 which is made by cutting a cylindrical fluoride resin 
member in an annular fashion from both inside and 
outside in an alternating fashion at small interval. 
The interiors of the negative pressure chamber 105 
and the bellows 1 10 are communicated with each 

io other by a through hole n 1. 

The casing 102 is provided with a negative 
pressure introduction miet 11 2 for communicating 
the negative pressure chamber 105 with the out- 
side and the cover 1 03 is provided with a positive 

ts pressure introduction inlet 113 for communicating 
the positive pressure chamber 106 with the out- 
side. 

In this actuator 18. when a positive pressure is 
introduced into the positive pressure chamber 106 

20 from the positive pressure introduction inlet 113, 
the diaphragm 104 is pushed leftward as seen in 
Figure 3 against the biasing force of the compres- 
sion coil spring 109, and the drive shaft 95 is 
driven leftward. When a negative pressure is intro- 

25 duced into the negative pressure chamber 105 
from the negative pressure introduction inlet 112, 
the drive shaft 95 is likewise driven leftward by the 
diaphragm 104. In other words, in a low opening 
angle range of the throttle valve where the intake 

30 negative pressure P 9 is high, the actuator 18 is 
actuated so as to push out the drive shaft 95. The 
link rod 93 is thereby moved leftward as seen in 
Figure 3, and this in turn causes the link arms 94 
to turn in clockwise direction around the pivot shaft 

35 92 with the result that the moveable vanes 87 are 
turned inwards around the pivot shafts 88 by being 
actuated by the lever members 89 which are each 
engaged with the slots 90 on either end of each of 
the see-saw members 91. By thus opening the 

40 moveable vanes 87, one can obtain a maximum 
capacity condition in which the nozzle gaps G N 
defined between the leading edges of the fixed 
vanes 84 and the trailing edges of the moveable 
vanes 87 are maximized (as shown by the double- 
ts dot lines in Figure 3). 

When the supply of a negative pressure P a to 
the negative pressure chamber 105 is discontinued 
by controlling the aforementioned solenoid 35 for 
controlling negative pressure, the negative pressure 

so in the negative pressure chamber 105 is reduced 
and the drive shaft 95 is pulled in by the spring 
force of the ceil soring 1 09. As a result, the link red 
93 is moved rightward as seen in Figure 3. and Che 
see-saw members 91 are -urned by the link arms 

55 94 in counter-clockwise direction so that the 
moveable vanes 87 are moved outward around the 
pivot shafts 38 by way of the lever members 39 
each engaged with :he siots 90 on either end of 
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each of the see-saw member 91 (as shown by the 
solid and broken lines in figure 3). 8y thus closing 
the moveable vanes 87, one can obtain a minimum 
capacity condition in which the nozzle gaps G N 
defined between the leading edges of the fixed 
vanes 84 and the trailing edges of the moveable 
vanes 87 are minimized. Therefore, the exhaust 
gas flow is narrowed and accelerated to the maxi- 
mum extent and drives the turbine wheel 83 as a 
circular flow flowing through the inner circumferen- 
tial passage 86 so as to maximize the effect of 
supercharging in low speed range of the engine. 

As the rotational speed of the engine is in- 
creased and a sufficient supercharge effect is ob- 
tained, the solenoid valve 34 for positive pressure 
control is controlled and a supercharge pressure Pi 
is introduced into the positive pressure chamber 
106. The actuator 18 is thereby actuated in the 
direction to push out the drive shaft 95. and the 
see-saw members 91 are turned in clockwise direc- 
tion by turning the link arms 94 in opposite direc- 
tion so that the moveable vanes 81 may be turned 
inward by way of the lever members 89. 8y thus 
expanding the nozzle gaps G N , no acceleration is 
effected on exhaust gas and the exhaust gas en- 
counters little flow resistance whereby the engine 
is subjected to less back pressure. 

The opening amount of the moveable vanes 87 
was controlled primarily by the solenoid valve 34 
for positive pressure control in the present embodi- 
ment, but it is also possible to use the solenoid 
valve 35 for negative pressure control in combina- 
tion. 

A control program incorporated in the elec- 
tronic circuit 21 to control the solenoid valve 16 for 
valve timing switch-over is now described in the 
following with reference to Figures 4a and 4b. 

In the first step 201 it is determined whether an 
initial mode has been started or, in other words, the 
engine is being cranked or not. If the engine is 
being cranked, an elapsed time T 0S r (for instance 5 
seconds) after starting of the engine is set up and 
the measurement of time after starting of the en- 
gine is set ready in the second step 202. Then in 
the third step 203, a valve close command is 
issued to the solenoid valve 16. and the engine is 
operated at low speed valve timing. In the founn 
step 204, an elapsed time T 0 hvt (for instance O.i 
second) after switching over to a high sceed valve 
timing is set and the measurement of relay time 
after a switch-over to a high speed valve timing is 
set ready. In the fifth step 205. maps T !L and 9iGl 
corresponding to a low speed valve timing ooera- 
tion is selected as a basic fuel injecticn amount 
determining map and ignition liming map which are 
to be used in a fuel injection control routine, and m 
the sixth step 206 a revolution limit value N H ?c f o f 
cutting off fuel supply is set to a value Nu ?C l which 



corresponds to low speed vaive timing operation. 

Now, the amount of fuel injection T 0UT is given 
by the following formula: 
T 0UT = K1 T, + K2 

5 where T, is a basic amount of fuel injection. Ki is a 
correction factor, and K2 is a correction term. 

K1 accounts for an intake temperature correc- 
tion factor K TA for increasing fuel supply when the 
intake temperature T A is low, a cooling water tern- 

■c perature correction factor K m for increasing fuel 
supply when the cooling water temperature T w is 
low, a high load fuel boosting factor K W or which 
increases fuel supply in a. high speed range deter- 
mined by the engine rotational sped N e . the intake 

;s negative pressure P s and the throttle opening angle 
3th. and a feedback correction factor for correcting 
the deviation of the air/fuel ratio from a theoretical 
ratio in an 0 2 feedback region of a relatively low 
speed range (for instance 4,000 rpm), while K2 

20 accounts for an acceleration fuel boosting factor 
which increases fuel supply during acceleration of 
the engine. 

The basic amount of fuel injection T, is experi- 
mentally determined so that intake mixture 
25 achieves a target air/fuel ratio which is close to an 
ideal air/fuel ratio according to the amount of air 
introduced into the cylinder in each particular op- 
erating condition of the engine as determined by 
the rotational speed of the engine N E and the 

30 intake negative pressure P B . and the electronic 
control circuit 21 stores a T, L map for low speed 
valve timing operation and a T, H map for high 
speed valve timing operation, as a T, map. 

The shorter the angular interval of opening the 

35 valves, the greater the valve acceleration becomes 
during the opening phase of the valves. At the 
same time, as the valve acceleration increases, the 
rotational speed N e of the engine at which the 
valves start jumping becomes lower. Therefore, the 

40 permissible maximum rotational speed of the en- 
gine differs depending on whether a high speed 
valve timing condition or a low speed valve timing 
condition is being selected as they have different 
intervals of opening the valves. According to the 

^5 present embodiment, the revolution limiter value 
Nhpcl is set to a relatively low value (for instance 
7.500 rpm) during low speed valve timing operation 
and to a relatively high value (for instance 8.100 
rpm) during high speed valve timing operation. 

so If it is determined in the first step 201 that the 

engine is not being cranked or. in other words, '.he 
engine is already running, it is then determined in 
the seventh step 207 whether signals from various 
sensors are being normally supplied to the eiec- 

55 :ronic control circuit 21 or not. or, in other wcrcs. a 
determination is made whether a fail-safe condition 

exists or not. 

If it is judged that no fail-safe situation exists 



13 



EP 0 376 703 A2 



or, m other words, a normal condition exists, the 
time remaining from the time interval T 0 st after 
starting the engine, which was set up in the second 
step 202. is evaluated in the eighth step 208. If the 
remaining time is not zero, the system flow ad- 
vances to the third step 203. If there is no remain- 
ing time, the system flow advances to the ninth 
step 209 where it is determined whether the cool- 
ing water temperature T w is less than a predeter- 
mined temperature T w , (for instance 60 degrees C) 
or not. or. in other words, whether the engine has 
been warmed up or not. if the cooling water tem- 
perature T w is found to be less than the predeter- 
mined temperature T WI . the system flow advances 
to the third step 203. and if the cooling water 
temperature T w is found to be equal to or higher 
than the predetermined temperature T W1 it is deter- 
mined in the tenth step 210 whether the vehicle 
speed V is lower than a certain extremely low 
speed level V- (which may contain hysteresis and 
range from 5 to 8 km/h) or not. If the vehicle speed 
V is lower than the extremely low speed level Vi 
the system flow advances to the third step 203, 
and if the vehicle speed V is equal to or higher 
than the extremely low speed level Vi it is deter- 
mined if the vehicle is equipped with a manual 
transmission system MT or not in the eleventh step 
211. 

Thus, a low speed valve timing condition is 
produced and. at the same time, a corresponding 
mode of fuel injection control is selected before 
starting, during cranking, immediately after starting, 
before engine warm-up. while stopped or while 
running slowly. This measure is taken in order to 
prevent occurrence of faulty operation of the cou- 
pling switch-over unit 51 due to the viscosity of 
lubricating oil and occurrence of abnormal combus- 
tion. 

If it is determined in the eleventh step 211 that 
the vehicle is not equipped with a manual transmis- 
sion system MT or it is equipped with an automatic 
transmission AT. it is determined in the twelfth step 
212 if a parking range P or a neutral range N is 
selected for its shirt position or not. If either P or N 
range is selected, it is determined in the thirteenth 
step 313 whether a T iH map for high speed valve 
timing was selected in the previous cycle or not. If 
not, the system flow returns to the third step 203. If 
the vehicle is equipped with a manual transmission 
system, a comparison is made, in the fourteenth 
step 21 4, between a rotational speed lower limit 
N S | (which may range between 4.800 and 4.600 
rpm including hysteresis), below which the engine 
output in low speed valve timing condition is al- 
ways higher than that in high speed valve timing 
condition, and the current rotational speed N s of 
the engine if N E is less than Nc,, it is determined 
m the fifteenth step 215 f the T, H map for hign 



speed vaive timing was used in the previous cycle 
or not in the same way as in the thirteenth step 
213. If not. the system flow advances to the third 
step 203. 

5 It can be seen in the preceding steps that low 

speed valve timing is selected either when the 
vehicle may be stationary even though the rota- 
tional speed N= of the engine is high or when, even 
though the vehicle may be running, its speed is 

to slow or the rotational speed cf the engine is low. 
and a high speed running condition has not been 
experienced yet. 

On the other hand, if it is found in the four- 
teenth step 214 that N e is equal to cr higher than 

is Net. a T (L map and the T, H map are searched in the 
sixteenth step 216 according to the subroutine 
shown in Figure 4c to find the values of T, L and T, H 
which correspond to the rotational speed N E and 
the intake negative pressure P 3 of the engine at the 

20 current stage. Then, in the seventeenth step 217, a 
Tvt value corresponding to the current value of N e 
is obtained, according to the subroutine given in 
Figure 4d. from a high load determination value 
table Tvt which is experimentally determined as 

25 such according to the amount of fuel injection. 

As for values from the T, L and T, M maps, the T, L 
value which is to be used in the sixteenth step 216 
consists of a value searched from the T (L map 
when a command to open the solenoid value 16 

30 was not present in the previous cycle, and of a 
value obtained from the T, t map less a prescribed 
amount of hysteresis AT, when a command to 
open the solenoid value 16 was present in the 
previous cycle. A similar process is executed in 

35 regards to the arithmetic process in the seven- 
teenth step 217 for determining a Tvt value. The 
Tvt value which is to be used in the seventeenth 
step 217 consists of a value searched from a Tvt 
table when a command to open the solenoid value 

40 16 was not present in the previous cycle, and of a 
value obtained from the Tvt table less a prescribed 
amount of hysteresis A Tvt when a command to 
open the solenoid value 16 was present in the 
previous cycle, whereby a hysteresis is given to 

45 the switching property of the amount of fuel injec- 
tion at the point of valve timing switch over. 

In the subsequent eighteenth step 218. a com- 
parison is made between this Tvt value and the 
amount of fuel injection T our in the previous cycle. 

■50 If the T 0UT is found to be less than Tvr. a compari- 
son is made in the nineteenth step 2 1 9 between a 
rotational speed upper limit Nc 2 (which may range 
between 5.900 and 5.700 rpm including hysteresis) 
above which the engine output in high speed valve 

55 timing condition is always higher than that in low 
speed valve timing condition, and the current rota- 
tional speed N s of the engine, if N s is less than 
Nc 2 . a comparison is made in the twentieth step 
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220 between the T, L value and the T- H value ob- 
tained in the sixteenth step 216. and. it T, L is found 
to be larger than T, H . a valve close command is 
supplied to the solenoid valve IS in the twentyfirst 
step 221 or, in other words, low speed valve timing 
is selected. 

If it was found in the thirteenth step 213 or in 
the fifteenth step 215 that the T , H map was se- 
lected in the previous cycle or a low load and low 
rotational speed condition is produced after exper- 
iencing a high speed running condition, [he system 
flow advances to the twentyfirst step 22 1. 

On the other hand, if it was founa in the eigh- 
teenth step 218 that T ou t is equal to or larger than 
Tvr. if it was found in the nineteenth step 219 that 
N e is equal to or larger than N e2 . or if it was found 
in the twentieth step 220 that T IL is equal to or less 
than T, H . a valve open command is issued to the 
solenoid valve 16 or, in other words, a high speed 
valve timing condition is selected. Thus, it can be 
seen that a point of switch over between high 
speed valve timing and low speed valve timing is 
determined from the rotational speed of the engine 
and the demanded amount of fuel injection. 

An adjustment is made so as to have a rela- 
tively rich mixture in high load range, and a high 
speed valve timing operation is more desired for 
increasing the engine output in high load range. 
However, if the point of switching over valve timing 
is determined in a definite fashion, a hunting may 
occur in a boundary region and a shock may be 
produced due to an abrupt change in the torque 
output at the point of switch over. Therefore, ac- 
cording to the present embodiment, an optimum 
switch over control action is obtained by carrying 
out the composite steps of the eighteenth through 
twentieth steps 218 through 220. 

Following selection of high speed valve timing 
operation, it is determined in the twentythird step if 
zero value is placed in a flag F LVT to indicate that 
low speed valve timing operation is not selected in 
the turbocharger control routine which will be de- 
scribed hereinafter. If it is determined that the 
turbocharger end presupposes low speed valve 
timing operation, the system flow advances to the 
third step 203. Otherwise, the system detects a 
signal from the oil pressure switch 22 in order to 
monitor the operating condition of the switch over 
control valve 17. If it is found that the oil pressure 
switch 22 is off or that oil pressure is acting upon 
the coupling switch over unit 51. :he remaining 
time of the delay time T 0H vt following the activation 
of the coupling switch over unit, wnich was pre- 
viously set up in the fourth step 204. is determined 
in the twentyfifth step 225. if T 0HVT = 0. in the 
twentysixth step 226. a preoaration :or actuation of 
a delay timer is made following ;he setting up of a 
timer for the elapsed time T.- L -/r (fo r instance 0.2 



seconds) following a switch over to low sceec 
valve timing operation. Then, a fuel »nject;or. 
amount map T, H and an ignition timing £ G .- 
corresponding to high speed valve timing operation 
5 are selected in the twentyseventh step 227. anc a 
revolution limiter value N h fc 'S changed to a value 
Nhfcw for high speed valve timing in the i.ver.- 
tyeighth step 218. 

Following the issuing of a valve close :o~- 
io mand to the solenoid valve 16 m the twenty firs; 
step 221. presence of an oil pressure switch s;gr.ai 
Op is detected in the twentymnth step 229. if re on 
pressure switch 22 is turned on or no oil pressure 
is being applied to the coupling switch over 5i. 
ts the time remaining from T D tvr which was set m -re 
twentysixth step 226 is read out. and. if T OL/r = 0 
the system flow returns to the fourth step 204. 

If the oil pressure switch signal O? is net 
turned off in the twentyfourth step 224 even thcugn 
20 a switch over from low speed valve timing opera- 
tion to a high speed valve timing operation 15 
effected, the system flow advances to the thirtieth 
step 230 and the low speed valve timing operation 
is maintained until the oil pressure switch signal Oo 
25 is turned off. Conversely, if the oil pressure swiicn 
signal O? is not turned on in the twentyninth step 
229 even though a switch over from high szeea 
valve timing operation to low speed valve i;mir.g 
operation is effected, the system flow advances to 
30 the twentyfifth step 225 and the high speed vaive 
timing operation is maintained until the oil pressure 
switch signal Op is turned off. 

The time periods T 0H vt and T 0V /r whicr -vere 
set on the two delay timers in the fourth anc the 
35 twentysixth steps 204 and 226, respectively, are 
determined according to the response time re- 
quired from the time when the solenoid 16 is 
activated to move the spool valve 70 of the switch 
over control valve 17 until the time when trie oH 
ao pressure of the supply oil passage 57 is cnangec 
and the switch over action of ail the switch ever 
pins is completed for all the cylinders. Even when 
the beginning of a switch over action is detectea 
from the oil pressure switch signal Op. :t :s 5-C- 
45 posed that the change of valve timing for a:< the 
cylinders is not completed until T 0l//T = 0 in :ase 
a switch over from high speed to low sceed or 
T O hvt = 0 in case of a switch over from low speed 
to high speed, and the engine is continues rc ce 
50 controlled according to the mode of fuel injection 
amount control preceding the command :cr a /aive 
timing switch over. 

If the T, H map was not selected in re r«r- 
teenth step 213 or the fifteenth step 21 5 .r. re 
55 previous cycle or if the vehicle has ;ust s:ar:ec 
moving or is accelerating, low sceec vaive timing 
operation is selected without determining the state 
of the oil pressure switch signal O? This measure 
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is taken to prevent the problems which may arise if 
the signal is kept in its turned-orf state due to a 
failure in the oil pressure switch 22. If the tur- 
bocharger end demanded low speed v/alve timing 
operation in the twentythird step 223. fuel injection 
control is immediately switched over so as to adapt 
itself to low speed valve timing operation. This 
measure is taken to prevent the occurrence of 
abnormal combustion due to over-supercharging. 

The control program for the solenoid 34 in 
varying the supercharge capacity of the turbochar- 
ger 7 or supercharge pressure is now described in 
the following with reference to Figures 5a through 
5d. It should be noted that the solenoid 34 used in 
the present system for positive pressure control 
consists of a duty ratio controlled solenoid valve. 
This supercharge pressure control combines an 
open loop control which carries out supercharge 
pressure control according to a basic supercharge 
pressure control variable (which is referred to as 
basic duty 0 M hereinafter), and a feedback control 
which carries out supercharge pressure control by 
modifying the basic duty D M according to the de- 
viation of the actual supercharge pressure from a 
predetermined target supercharge pressure. 

It is determined in the first step 301 whether a 
start mode has been produced or not. or. in other 
words, whether the engine is being cranked or not. 
if a start mode has been detected, it is indicated 
by a flag F lv t = 1 that valve timing is going to be 
fixed to low speed valve timing in the second step 

302. Then, after resetting a timer T 0 fb for delaying 
the onset of a feedback control in the third step 

303. the duty Dq UT for the solenoid 34 is set to 
zero in the fourth step 304 before it is outputted in 
the fifth step 305. Here, it should be noted that the 
duty ratio of the solenoid of the solenoid valve 34 
diminishes as the duty Dour in the main routine 
becomes larger, and that D OUT = 0 means a 100% 
duty ratio condition in which the moveable vanes 
87 are displaced to their most inward positions or 
in which the solenoid valve 34 is fully opened to 
maximize the cross sectional area of the air pas- 
sages between the fixed vanes 84 and the movea- 
ble vanes 87. On the other hand. D Qu r= 100 means 
a 0% duty ratio condition in which the moveable 
vanes 87 are displaced to their most outward posi- 
tions or the cross sectional area of the air passages 
is minimized. 

The feedback delay timer T 0F3 in the third step 
303 is selected according to the subroutine given 
in Figure 6. One of three timers T 0P91 . T 0F32 and 
Tqf33 is selected according to the change rate AP 2 
of the supercharge pressure P 2 which is given as a 
difference between the current supercharge pres- 
sure P 2N and the supercharge pressure P 2N . 6 of six 
cycles ago (AP 2 = P 2N * P 2 n-6)- lr » other words, the 
main routine shown in Figures 5a through 5d ob- 
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tains a difference in the values of supercharge 
pressure over six cycles to accurately determine 
the behavior of supercharge pressure or the 
change rate of supercharge pressure because only 
s too small a change is produced in the change rate 
in supercharge pressure AP 2 for each single TDC 
signal which renews the main routine given in Fig- 
ures 5a through 5d. A low change rate AP 2PL and a 
high change rate 'AP 2 ? H are values determined 
to according io the engine rotational speed N 5 . If AP 2 
is equal to or less than AP 2PL the T 0FS i is set up. if 
AP2 is larger than AP 2PU and equal to or less than 
dP 2 PH the T DF32 is set up. and if AP 2 is greater 
than aP 2PH the T OF33 is set up. Further, the rela- 
/s tionship T 0F81 < T 3F32 < T 0FQ3 holds, and if the 
supercharge pressure change rate AP 2 is found to 
be small or if the supercharge pressure P 2 
changes gradually the delay time T 0F a is selected 
to be small whereas if the supercharge pressure 
20 change rate dP 2 is found to be targe or if the 
supercharge pressure P 2 changes rapidly the delay 
time T 3FS is selected to be large. In this way. it is 
made possible to prevent the occurrence of hunting 
when there is a transition from open loop control to 
25 feedback control by selecting a suitable delay time 
Tq F3 which is not too large or too small for the 
change rate in the load. 

If it is determined in the first step 301 that no 
start mode is found, it is then determined in the 
30 sixth step 306 if a fail-safe condition exists or not. 
This is carried out by monitoring the results of self- 
diagnosis by the ECU and the CPU. and input 
signals from various sensors including the oil pres- 
sure switch signal Op. indicating the operating con- 
35 dition of the coupling switch over device 51 for 
valve timing control, and. in case an abnormal 
condition should exist, the system flow advances to 
the second step 302. Otherwise, the system flow 
advances to the seventh step 307. A comparison is 
40 made in the seventh step 307 between an intake 
temperature T A and a prescribed low intake tem- 
perature T AL . If T A is lower than T AL the system 
flow advances to the second step 302. but if T A is 
equal to or higher than T AU the system flow ad- 
45 vances to the eighth step 308. A comparison is 
made in the eighth step 308 between a cooling 
water temperature T w and a prescribed low cooling 
water temperature T WL . If T w is lower than T WL the 
system flow advances to the second step 302. but 
50 if T w is equal to or higher than T 7;1 _ the system flow 
advances to the ninth step 309. A comparison is 
maae in the ninth steo 309 between an intake 
temperature T 4 and a prescribed high intake tem- 
perature T AH . If T A is higher than T AH the system 
55 flow advances to the second step 302. but if T A is 
equal to or lower than T AH the system flow ad- 
vances to the tenth step 310. A comparison is 
mace :n the tenth steo 310 between the cooling 
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water temperature T w and a prescribed nigh cool- 
ing water temperature T WH ..lf T w is higher than T WH 
the system flow advances to the seconc step 302. 
but if T w is equal to or lower than T.„ H the system 
flow advances to the eleventh step 31 1. The cur- 
rent shift position of the transmission system is 
detected in the eleventh step 3i i. and the system 
flow advances to the second step 302 if a parking 
range P or a neutral range N is selected and 
otherwise advances to the twelfth step 312. 

The above described flow may be summarized 
by that the cross sectional area of the flow pas- 
sages between the fixed vanes 84 and the movea- 
ble vanes 87 is controlled to a maximum value 
without regard to any other factors in a certain 
special operating condition where the vehicle is not 
running, the intake temperature T A or the the cool- 
ing water temperature T w is outside a prescribed 
range or any abnormal condition exists in the con- 
trol system. This measure is taken because in any 
of such cases it is obvious that the conditions for a 
stable operation of the engine are not met and 
introducing a supercharge pressure P2 under such 
a circumstance will undoubtedly promote instabil- 
ity. At the same time, the valve timing switch over 
control program is executed in such a manner that 
valve timing control is fixed to low speed valve 
timing control by setting the flag F LVT = 1 and the 
coupling switch over unit 51 is fixed to a condition 
for low speed valve timing. 

If it is determined in the preceding steps that 
the engine is in a stable operating condition and 
the vehicle is running, it is determined in the 
twelfth step 312 if the shift position is in a first 
speed range or not. If not, the system flow ad- 
vances to the fourteenth step 314 after setting the 
Mag F LVT = 0 to indicate that an override condition 
for low speed valve timing operation is released in 
the thirteenth step 313. If the shift position is found 
to be in a first speed range, the system flow 
advances to the fourteenth step 314 after a sub- 
traction process is carried out on the basic duty Dm 
serving as a basic supercharge control variable in 
the fifteenth step 315 and. at the same time, the 
Hag F L vr=1 is set in the sixteenth step 316 to 
indicate the existence of an override condition for 
low speed valve timing operation. 

The basic duty 0 M is searched from a map as 
described hereinafter, and a subtraction operation 
on this Dm is carried out in the fifteenth step 31 5 
according to the subroutine shown in Figure 7. In 
other words, a discrimination zone is defined in the 
operating condition of the engine as determined by 
the rotational soeed of the engine Nc and intake 
negative pressure P 3 as a zone in which a subtrac- 
tion from the D M value is required, and it is deter- 
mined whether a subtraction from the D M value 
should be earned out or not depending on whether 



the operating condition is iocated in this discrimina- 
tion zone or not. The output torque of the engine 
can be determined from the rotational speed of the 
engine N s and the intake negative pressure P 3 , but 

5 the boundary of the discrimination zone represents 
a permissible torque of the gear shafts in the first 
speed range, and this measure is taken in order to 
ensure that the force acting upon the gear shafts 
may not be excessive. If the operating condition ;s 

w located outside of the discrimination zone or the 
permissible torque is not exceeded, she system 
flow advances to the next step without modifying 
the searched D w value. However, if the operating 
condition falls within the discrimination zone or the 

;s permissible torque has been exceeded, it is deter- 
mined whether the flag indicating the condition of 
feedback control is zero or F OPC =0 or not. If the 
condition of open loop control exists, a subtraction 
is carried out as given in the following to somewnat 

20 reduce the duty D ou t for the solenoid valve 34: 
D M = searched D M - Dp 

where Dp is a predetermined subtraction constant. 
If the condition of feedback control exists, a sub- 
traction is carried out as given in the following to 
25 somewhat reduce the target supercharge pressure 
P 2 r: 

P 2 r = searched P 2 r ■ aP 2 r 

where P 2 r is a target supercharge pressure under 
the feedback control condition as -determined by 
30 the rotational speed of the engine Nc and the 
intake temperature T A and AP 2 « is a predetermined 
subtraction constant. 

The process described above produces a low 
speed valve timing condition and a relatively low 
35 supercharge pressure in order to prevent excessive 
torque output, for instance, in case of an abrupt 
start up in the first gear. 

In the fourteenth step 314 it is determined 
whether the coupling switch over unit 51 is in the 
40 high speed valve timing condition or net. If the nigh 
speed valve timing condition is detected, the sys- 
tem flow advances to the seventeenth step 317 
where a table P 2h gh adapted for high speed valve 
timing is selected for determining a high super- 
45 charge pressure guard value P 2 hg- lf not " the 3yS * 
tern flow advances to the eighteenth step 3; 3 
where a table P 2h gl adapted for low speed valve 
timing is selected for determining a high super- 
charge pressure guard vaiue P 2 hg- The hl S n 3u P er " 
50 charge guard value P 2 -g is determined according 
to the rotational speed of the engine N 5 so as to 
obtain a maximum engine output wnile -he curacii- 
ity of the engine is taken into consideration. 

The discrimination -vhether :he c-rren? /alve 
55 timing is adapted for high speed :r .cw soeea 
operation is made according to the presence ci a 
magnetization signal for the solenotc /alva 16 m 
the control unit. 
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In the nineteenth step 31 9. a comparison is 
made between the current supercharge pressure 
P 2 and the high supercharge pressure guard value 
P 2 mg obtained from the table selected according to 
the current valve timing condition. If P2 is found to 
be higher than P 2H g or a condition of excessive 
supercharging is detected, a demand is made to 
the valve timing switch over control program to 
switch to low speed valve timing in the second step 
302 and a control action is taken so as to reduce 
the supercharge pressure. Conversely, if P 2 is 
round to be lower than P 2HG , the system flow 
advances to the twentieth step 320 and it is deter- 
mined again whether the high speed valve timing 
condition exists or not. 

if the presence of the high speed valve timing 
condition is detected in the twentieth step 320. a 
basic duty Omh is searched from a map corre- 
sponding to high speed valve timing in the twen- 
tyfirst step 321. and this value is defined as the 0 M 
value in the twentysecond step 322. If no high 
speed valve timing condition is detected, a basic 
duty Oml «s searched from a map Corresponding to 
low speed valve timing in the twentythird step 323. 
and this value is defined as the Dm value in the 
twentyfourth step 324. The basic duty 0 M is deter- 
mined from the rotational speed of the engine N 6 
and the opening angle 0th of the throttle valve, and 
is searched from the entries of a table or a map 
corresponding to the current load condition. 

It is thus possible to adapt the engine to var- 
ious operating conditions including deceleration 
and transient operation conditions by preparing 
separate maps defined by engine rotational speed 
N E and throttle opening angle $th for high speed 
valve timing and low speed valve timing and 
changing the mode of supercharge pressure con- 
trol according to the condition of valve timing. 
Here, a throttle opening angle 0th was used as a 
parameter for indicating the load condition of the 
engine, but it may be replaced by intake negative 
pressure P e or the amount of fuel injection. 

In the twentyfifth step 325. a duty correction 
factor K M00 , an atmospheric pressure duty correc- 
tion factor Kp A0 (0.8 to 1.0). and an intake tempera- 
ture duty correction factor K TA o (0-8 to 1.3) are 
searched. The duty correction factor Kmoo iS 
searched from a map of the rotational speed of the 
engine N E and the intake temperature T A , and is 
updated by a studying process which is done when 
an optimum supercharge pressure P 2 has fallen 
within a certain range of deviation. The atmospher- 
ic pressure duty correction factor K PA0 »s deter- 
mined according to the intake pressure P A . and the 
intake temperature duty correction factor K TA o 'S 
determined according to the intake temperature T A . 
The control process is thus adapted to externa! 
factors as required. 



In the twentysixth step 326, a correction factor 
Kow 'S searched according to the subroutine given 
in Figure 3. This subroutine is executed by inter- 
rupting rhe main routine shown in Figures 5a 

5 through 5d every time a TOC signal is produced. A 
timer T CN is reset when the duty 0 O ut is zero, and 
the correction factor K 0N is set to an initial value 
K 0 no (for instance 0.5) in response to the first TDC 
signal after the duty 0 O ut has ceased to be zero. 

10 After a certain time interval T ow0 (for instance 5 
seconds) set on the timer T DN has run out. AK 0N - 
(for instance 0.01) is added to"K ON every time a 
TDC signal <s received so as to produce a new 
correction factor K 0 m each time, and the correction 

/s factor K 0 N is fixed to 1.0 after it has reached the 
value 1.0. 

The correction factor K 0N thus obtained is used 
in the correction formula for the duty D 0 ur which is 
described hereinafter so that the duty D ou r may be 

20 forced to zero in case of a special operating con- 
dition of the engine where the intake temperature 
T A is abnormally high or low, the cooling water 
temperature is abnormally high or low or the super- 
charge pressure P 2 is abnormally high. or. in other 

25 words, so that the duty Oout may be controlled in a 
stable fashion when the condition in which the gaps 
between the fixed vanes and the moveable vanes 
are maximized is removed. When the operating 
condition has returned from a special condition in 

30 which D O ut = 0 to a normal operation condition, if 
the duty immediately returned to a normal value, 
an irregular control action might take place on the 
boundary between the special operating condition 
and the normal operating condition. Therefore. 

as upon elapsing of, for instance, 5 seconds after the 
normal operating condition is restored, the correc- 
tion factor K 0 N is incremented, for instance, by 0.1 
every time a TDC signal is received, to gradually 
restore the duty D 0UT to its normal value so that the 

40 occurrence of such an irregular control action may 
be avoided. 

Then, in the twentyseventh step 327, a com- 
parison is made between the current throttle open- 
ing angle 9th and a predetermined reference throt- 

45 tie opening angle 0thfb- This reference throttle 
opening angle 3thfb corresponds to a medium to 
high load operating condition of the engine, and is 
defined so as to permit a judgment of the need for 
a switcn over from open loop control to feedback 

50 control. By using a throttle opening angle 0th as a 
judgment parameter, it becomes possible to make 
an accurate judgment on the need for superchar- 
ging under each particular operating condition. If 
3th is equal to or less than 3 T hfb or open loop 

55 control is to be continued, after resetting the feed- 
back delay timer T 0Fa mentioned in conjunction 
with Figure 6 (the third step) in the twentyeighth 
siep 328. ?he system flow advances to the twen- 
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tyninth step 329. If 3th is determined to be larger 
than $thf3 m me twentyseventh step 327, it is then 
determined in the thirtieth step 330 whether the 
coupling switch over unit 51 is in low speed valve 
timing condition or not. If a low speed valve timing 
condition is detected, the system flow advances to 
the twentyeighth step 328 because open loop con- 
trol is to be continued. This measure is taken 
because of a need to depend on open loop control 
and achieve a higher tracking capability in view of 
the fact that, in low speed valve timing condition, 
transient conditions are normal and. furthermore, 
torque output is relatively small in absolute value. 

In the twentyninth step 329, a set-up subtrac- 
tion duty Or and a set-up addition duty Dtrs are 
searched. The set-up subtraction duty 0 T corre- 
sponds to the change rate AP2 of supercharge 
pressure P2. and is determined by the subroutine 
given in Figure 9. If 0rH«s larger than Sthfs o r in 
case of a medium to high load operating condition 
in which a transition from open loop control to 
feedback control takes place, the set-up subtraction 
duty Or which is set up according to a relationship 
between the supercharge pressure change rate 
AP2 and the rotational speed of the engine N e is 
selected. If 0™ is equal to or less than Gthfb. no 
correction of the basic duty 0 M is made. 

The set-up subtraction duty 0 T increases in a 
step-wise manner with an increase in the super- 
charge pressure change rate AP 2 . and can also 
change, for instance, in three steps, depending on 
the rotational speed of the engine N E . Thus, the 
higher the rotational speed of the engine is, the 
larger the subtraction value becomes. This process 
is started immediately before the actual super- 
charge pressure reaches a target supercharge 
pressure P 2R so that the transition from open loop 
control to feedback control may be carried out in a 
smooth fashion. 

The set-up addition duty Otrb is determined 
according to the subroutine given in Figure 10. 
When an open loop control condition exists 
(F 0?c = 1 ) and the supercharge pressure change 
rate AP2 is negative, a set-up addition duty Dtps 
which is determined by -AP2 and the rotational 
speed of the engine Nc is selected, and the set-up 
subtraction duty 0 T is made zero. When a feed- 
back control condition exists (F OPC = 0) or the 
supercharge pressure change rate AP 2 is positive, 
the set-up addition duty 0 T r 9 is made zero. This 
set-up addition duty D T r 8 is also changed depend- 
ing on the values of the negative supercharge 
pressure change rate - dPa and the rotational 
speed of the engine N e . and becomes larger as the 
rotational speed N E of the engine is increased and 
the negative supercharge pressure change rate - 
±P 2 is increased. Thus, reaction from the set-up 
subtraction duty D T is compensated for, and a 



stable supercharge pressure control is made possi- 
ble. 

After the various correction factors K MO0 , Ko A o. 
Ktao and K 0N . the set-up subtraction duty 0 T and 
5 the set-up addition duty 0 T rb are determined, the 
duty D ou r is corrected in the thirtyfirst step 33 1. 
Dqut = Kmoo x Kpad x Ktao x Kqn * (Dm + D T rs - 
D T ) 

Therefore, the output duty Dqut produced" in 
10 the fifth step 305 reflects the overall operating 
condition of the engine by taking into account the 
above mentioned items and other external factors, 
and allows an optimum supercharge control io be 
automatically carried out according to the load ccn- 
;5 dition. 

Then, the flag F 0PC is set to \ in the thir- 
tysecond step 332 in order to indicate the exis- 
tence of an open loop control condition, and the 
system flow advances to the thirtythird step 333. it 

20 is then determined in this step if the D 0 ur has not 
exceeded a certain limit value which is determined 
in advance according to the rotational speed of the 
engine N s or not, and if it is within the limit value, a 
duty Dour is produced in the fifth step 305. 

25 Meanwhile, if it is determined in the thirtieth 

step 330 that no low speed valve timing condition 
exists, the system flow advances to the thirtyfourth 
step 334 (Figure 5c). 

The flag of the previous cycle is determined m 

30 the thirtyfourth step 334. If F 0 ?c= 1 or an open loop 
control condition existed in the previous cycle, a 
comparison is made in the thirtyfifth step 335 be- 
tween the current supercharge pressure P2 and the 
duty control start discrimination supercharge pres- 

35 sure P 2 st- This duty control start discrimination 
supercharge pressure P 2S t is given from the follow- 
ing equation: 

P 2 ST = P2R • A> P 2ST 

where AP 2S r is a subtraction value which is deter- 
40 mined in advance according to the supercharge 
pressure change rate AP 2 and the rotational speed 
of the engine N E( and becomes larger as me en- 
gine rotational speed increases and as tne super- 
charge pressure change rate AP 2 becomes larger. 
J5 if p 2 is found to be larger than P 25? m the 

thirtyfifth step 335. a comparison is made in the 
thirtysixth step 336 between the current super- 
charge pressure P 2 and the feedback control start 
discrimination supercharge pressure Pjf=- !h,s 
50 feedback control start discrimination supercharge 
pressure P 2F3 is given from the following ecuattcn: 

P.F3 = P 2R * *PzFB 

where AP 2F3 is also a subtraction value vr.cn «s 
determined in advance according to «ne sucer- 
55 charge pressure change rate ±Pz *nc she rotational 
speed of the engine Nc. 

If P 2 is found to be larger than D := 5 . t ,s 
determined in the thirtyseventh stec 337 .vhetrw 
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the time set up on the feedback delay timer T 0 pb 
has run out or not. and if so the system Mow 
advances to the thityeighth step 338. 

If the flag F OPC = 0 in the ihirtyfourth step 334 
or a feedback control condition existed in the pre- 
vious cycle, the system flow advances to the thir- 
tyeighth step 338. If P2 is found to be equal to or 
less than P 2ST in the thirtyfifth step, the system flow 
advances to the thirtyninth step 339. If P 2 is found 
to be equal to or less than P 2 F9 in the thirtysixth 
step 336. the system flow advances to the twen- 
tyeighth step 328. If the time set on the feedback 
delay timer T 0F3 has not run out in the thir- 
tyseventh step 337, the system flow advances to 
the twentyninth step 329. 

A set-up duty O s is searched in the thirtyninth 
step 339. as an auxiliary basic supercharge pres- 
sure control variable which is predetermined ac- 
cording to the rotational speed of the engine N £l 
and the duty 0 0UT is computed m the fortieth step 
340 according to the following formula: 
Oqut = Os x K*"ao x Kpao 

Then, after resetting the feedback delay timer 
T 0 fb the fortytirst step 341. the system flow 
advances to the thirtythird step 333. 

The process leading to the fortieth step 340 is 
intended as a measure to obtain a stable super- 
charge pressure control in the operating range in 
which the supercharge pressure P2 rises towards 
the target supercharge pressure P 2R , and occur- 
rence of overshoots can be avoided irrespective of 
the supercharge pressure change rate AP2 by de- 
termining the output duty Oqut according to the 
duty D s which was predetermined according to the 
rotational speed of the engine N 6 . 

In the thirtyeighth step 338. a comparison is 
made between the absolute value of the super- 
charge pressure change rate &P 2 and the feedback 
control discrimination supercharge pressure differ- 
ence GaP2- Tnis G &P2 "S set. for instance, at 30 
mmHg, and if the absolute value of the super- 
charge pressure change rate AP 2 is larger than 
G&P2 the system flow advances to the twentyninth 
step 329. If the absolute value of the supercharge 
pressure change rate AP 2 is equal to or less than 
G&P2 the system flow advances to the fortysecond 
step 342. Thus, if the absolute value of the super- 
charge pressure change rate AP 2 is larger than 
GaP 2 or. in other words, if the supercharge rate 
AP2 is sharper than 3 prescribed limit when a 
feedback control is about to ce started, as hunting 
could occur. ;he system flow returns to the twen- 
tyninth step 329 to carry out an open loop control. 

It is determined in the rcaysecond step 342 
whether the coupling switch over unit 51 is adapted 
for high speed valve timing or not. If a high speed 
valve timing condition is detected, a target super- 
charge pressure P 2 r h for nigh speed valve timing 



is searched in the fortyfourth step 3*4 accorcing :o 
the rotational speed of the engine N E and the 
intake temperature T A . and this ? 2RH is set as a 
target supercharge pressure P 2R . If absence of a 

5 high speed vale timing condition is detected, a 
target supercharge pressure P 2RL for low soeed 
valve timing is searched in the forty fifth step 345. 
and this P 2RL is set as a target supercharge pres- 
sure P 2R . This measure is taken \n view of the fact 

10 that the intake volume efficiency cnanges accord- 
ing to valve timing or the amount of valve opening 
in order to maximize the sngine output sn 2 most 
efficient manner by changing the setting of the 
target supercharge pressure P 2 r according 10 the 

15 selected valve timing. 

It is then determined in the fortyseventh step 
347 if the first speed range is selected on the 
automatic transmission system or not. If the first 
speed range is detected and if it is found that the 

20 operating condition falls within a prescribed dis- 
crimination zone in the fortyeighth step 348 accord- 
ing to the subroutine shown in Figure 7, the system 
flow advances to the forty ninth step 349 after carry- 
ing out the following subtraction: 

25 P 2R = searched P 2R - AP 2R 

where AP 2fl is a subtraction value which is set up 
in response to the first range condition of the 
automatic transmission system. If the shift position 
is found to be other than the first speed range m 

30 the fortyseventh step, the system flow advances to 
the fortyninth step 349 without carrying out any 
subtraction from the target supercharge pressure 
P 2 r- 

A prescribed supercharge atmospheric ores- 
35 sure correction factor K PA p 2 is searched m the 
fortyninth step 349 according to the atmospheric 
pressure P A , and correction of the target super- 
charge pressure P 2R is made by carrying out the 
following arithmetic operation in the fiftieth step 
40 350: 

corrected P 2R = searched P 2P x K OAP2 x K pr3 
where 'Kara is a correction factor to account for a 
knock condition of the engine. 

It is determined in the fiftyfirst step 35 1 wheth- 

45 er the absolute value of the difference between the 
target supercharge pressure P 2R and [he current 
supercharge pressure P2 is equal to or larger ;han 
a predetermined value G P2 which is given as a 
dead zone in the feedback control and nay be 

50 selected at 20 mmHg. for instance, if the aosoiute 
value of the difference between the targe; sucer- 
charge pressure P 2R and the current supercharge 
pressure P 2 is equal to or larger than the oreceter- 
mined value G P2 . the system flew advances the 

55 fiftysecond step 352 where a orcporticnai ccntrci 
term D P is computed according to the :onow«ng 
formula: 

Op = K P x (P, R - P 2 ) 
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In the above formula. K P is the proportional 
control term In a feedback factor, and is deter- 
mined according to the subroutine given in Figure 
M. In Figure 11. if the rotational speed of the 
engine N e is equal to or lower than a first switch 
over rotational speed N PB i. a feedback coefficient 
K„ related to an integration control term which is 
described hereinafter is selected along with K P i. If 
the rotational speed of the engine N e is higher than 
the first switch over rotational speed N P31 but equal 
to or lower than a second switch over rotational 
speed N F 32, K P2 and K, 2 are selected. If the rota- 
tional speed of the engine N e is higher than the 
second switch over rotational speed N P32 , K p , 3 and 
K 0 are selected. 

In the fiftythird step 353. a correction coeffi- 
cient K M00 associated with the current rotational 
speed of the engine N s and intake temperature T A 
is searched, and it is determined in the fiftyfourth 
step 354 if the flag F 0PC was equal to t in the 
previous cycle or not, or. in other words, if the 
current feedback condition was produced for the 
first time or not. If F 0PC = f or if an open loop 
control condition existed in the previous cycle, the 
integration control term O l(N .„ of the previous cycle 
is computed in the fiftyfifth step 355 according to 
the following formula: 
0» (N .t> = K T ao * Kp A0 x D M x (K M oo • 1) 

Upon completion of this computing process, 
the system flow advances to the fifty sixth step 356. 
However, if F OPC = 0 or if no open loop control 
condition was detected in the fiftyfourth step 354. 
after circumventing the fiftyfifth step 355. the sys- 
tem flow advances to the fiftysixth step 356 and a 
current integration control term 0, N is computed 
according to the following formula: 
K. + (P« - Pa) 
Thereafter, in the fiftyseventh step 357. the 
duty 0 0U r is computed or the following arithmetic 
operation is carried out: 
0 0U T = K rA o * K PA0 x K DM x D M + D P + 0, N 
Then, after setting the flag F OPC = 0 in the 
fiftyeighth step 358, the system flow advances to 
the fiftythird step 333. 

On the other hand, if the absolute value of P2 
error is determined to be less than G P2 , the propor- 
tional control term D P = 0 and the integration control 
term Di N = Di(N.i) are set up in the fiftyninth step 
359. In the sixtieth step 360, it is determined 
whether the atmospheric pressure P A \$ higher than 
a predetermined reference atmospheric pressure 
Pam (for instance 650 mmHg) or not. In the six- 
tyfirst step 361. it is determined whether the water 
■ emperature T w is within a certain predetermined 
range or not. In the sixtysecond step 362. it is 
determined whether the amount of retardation T 2R 
is non-zero or if a knock condition is being avoidec 
or not. In the sixtythird step 363. it is determined 



whether the shift position is other than the first 
speed range or not. If all these conditions are met 
ine system Mow advances to the sixtyfourth step 
364 but if any of the conditions is not met the 
5 system flow advances to the fiftyseventh step 357. 

A coefficient K fl for a studying process related 
to the duty correction factor K MO0 is computed in 
:he sixtyfourth step 364 according to the following 
formula: 

10 K p = (Ktuo x O m + D, N }/(K TA0 x Dm) 

Then, in the sixtyfifth step 365, to search for 
the correction factor K M oo 2nd carry out a studying 
process, the following arithmetic operation is car- 
ried out: 

'5 Kmoo = (Cmoo x K«)/"65536 + (65536 - Cmoo) < 
Kmcd'65536 

After checking the limit of this K MQ0 in the six- 
tysixth step 366. the correction factor K M00 is 
stored in a back-up RAM and the system flow 
20 advances to the fiftyseventh step 357. 

The sixtysecond through sixtyseventh steps 
362 through 367 are included for the purpose of 
avoiding any possible ill effects on the operating 
condition of the engine by prohibiting the storage 
25 of the K M00 in case of special operating conditions 
m storing the results of the studying process during 
the time the supercharge pressure P2 is controlled 
in a stable fashion by virtue of the dead zone G P2 . 
It is thus advantageous to rely on open loop 
30 control which offers a fast response in low to me- 
dium speed range where operating conditions tend 
to change rapidly and transient conditions are fre- 
quently produced. On the other hand, in high 
speed range, since a fast response is not so 
35 crucial, a stable and accurate feedback control may 
be used without any ill effects. 

A blow-back of intake can be controlled and a 
relatively high volume efficiency can be obtained in 
a low speed operating range of an engine if at least 
40 either the angular interval of opening the valves or 
the valve lift is selected to be small. On the otner 
hand, it is desirable to increase at ieast one of the 
valve opening angular interval and the valve lift in a 
high speed operating range of an engine in view of 
45 obtaining a required amount of intake. In other 
*ords. the output property of the engine in relation 
with its rotational speed is dictated by the profiles 
of the cams. Therefore, two sets of different output 
properties can be combined into a single engine if 
50 the valves actuated by the engine are provided 
with two interchangeable different cam profiles. 

Meanwhile, as opposed to a natural aspiration 
engine in which intake is drawn into its combustion 
chambers solely by the negative pressure cro- 
ss cuced by the reciprocating movement of its pis- 
tons, a supercharged engine increases its output 
by pressurizing the intake above the atmospheric 
pressure as it is introcuced into ;he combusiion 
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chambers and by thus increasing the effective vol- 
ume which is displaced by the pistons. The upper 
limit of the supercharge pressure of any particular 
engine «s determined typically according to the 
design considerations on combustion efficiency 
and mechanical durability of the particular engine. 
Therefore, in such an engine as described above 
which combines a valve operating condition switch 
over unit and a variable capacity supercharger, it is 
necessary to carry out supercharge pressure con- 
trol in two different modes for two different output 
properties of the engine. 

Therefore, according to the present invention, 
by preparing a plurality of sets of maps for search- 
ing a basic supercharge pressure control variable 
D M for carrying out duty control and a target super- 
charge pressure set up value P 2R for feedback 
control depending on the differences in the operat- 
ing conditions of the intake valves and the exhaust 
valves, and by switching ever these maps in re- 
sponse to the switch over signals for the operation 
of the valves, an optimum control performance 
adapted to each particular operating condition can 
be achieved. 

In particular, if supercharge pressure is re- 
quired to be boosted in a high speed range, super- 
charge efficiency is even funher improved due to 
the increase in the amount of valve opening. If the 
supercharge pressure may be reduced in a high 
speed range by virtue of the gain in the output due 
to the change in valve timing, the compression 
ratio can be reduced while a sufficient output can 
be obtained. 

Thus, according to the present invention, since 
supercharge pressure control can be carried out in 
response to the switch over in valve timing, engine 
output can be increased over an even broader 
operating range. Particularly since the supercharge 
pressure in a high speed range can be reduced 
without reducing engine output, the knock limit can 
be raised through lower combustion temperature 
and the burden on the engine can be reduced with 
the result that the improvements in both engine 
output and engine durability can be achieved at the 
same time. 

To eliminate the dip in the engine output result- 
ing from the change in the conditions of the intake 
passage due to the existence of regions near a 
point of step-wise switch over of the valve actuating 
mechanism, upon detection of a negative super- 
charge pressure change rate &Pz or any dip in 
engine output torque, a set-up addition duty D-ras 
searched in the iwentyninth step 329 is automati- 
cally added to the basic duty 0 M to compensate for 
such a dip. 

In the steps 301 and 306 through 3 12. under 
certain conditions, the supercharge capacity and 
valve timing .vera :i:<ed to a 'arge capacity and lew 



speed conditions, respectively. The following are 
the reasons behind these operations: 

1 . When the engine is being cranked, the 
rotational speed of the engine is inevitably unsta- 

s ble. and adjusting valve timing or a supercharge 
capacity under such a circumstance will iead to an 
unstabte operation of the engine. Therefore, it is 
preferable to fix valve timing to low speed condition 
which reduces the possibility of intake blcw-back 

to and a supercharge capacity to a large capacity 
level which presents less flow resistance to intake. 

2. Should any abnormal 'condition arise in 
the control system, there is a good chance that the 
valve timing switch over and the capacity varying 

/5 action for the supercharger is not earned out as 
desired. In such a case, low speed condition and a 
large capacity condition should be selected for the 
valve actuating mechanism and the supercharger 
as a fail-safe measure. 

20 3. When the intake or the cooling water is 

excessively cold, the density of the intake becomes 
high and the resulting tendency for over-superchar- 
ging may be detrimental to the durability of the 
engine. Also, a high viscosity of lubricating oil may 

25 prevent satisfactory switch over action of the valve 
actuating mechanism. Therefore, in this case also, 
low speed condition and a large capacity condition 
are desirable for the valve actuating mechanism 
and the supercharger, respectively. 

30 4. When the intake or the cooling water is 

excessively high, the magnetic property of the so- 
lenoids of the solenoid valves may be adversely 
affected by the high temperature, and the control 
accuracy may be doubtful. At the same time, a 

35 high temperature tends to cause detonation and 
other irregular combustions and lower the knock 
limit. Therefore, in this case also, low speed con- 
dition and a large capacity condition are desirable 
in view of the durability of the engine. 

40 5. When supercharging is carried out and/or 

a high speed valve timing condition is selected in 
the first speed range of the transmission system, 
an excessive large torque may be transmitted 
through the transmission system of the vehicle. 

45 Therefore, again, low speed condition and a large 
capacity condition are desirable in view of the 
durability of the engine. 

so Claims 

I. An engine control system, comprising: 
valve actuating condition varying means for varying 
a state of a valve actuating mecnanism of an en- 
55 gine: 

capacity varying means for varying a suoercharge 
capacity of a variable capacity supercharger: and 
control means for controlling a valve actuating ccn- 
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dition varying operation of said valve actuating con- 
dition varying means and a capacity varying opera- 
tion of said capacity varying means according to an 
operating condition inducing at least a rotational 
speed of said engine; 

said control means carrying out said capacity vary- 
ing operation in dependence upon an operating 
condition of said valve actuating mecnanism. 

2. An engine control system according to claim 
1, wherein said control means increases said 
supercharge capacity when saia operating condi- 
tion of said valve actuating mechanism is aoapted 
for high speed operation of said engine. 

3. An engine control system according to claim 
t. wherein said control means decreases said 
supercharge capacity when said operating condi- 
tion of said valve actuating mechanism is adapted 
for high speed operation of said engine. 

4. An engine control system according to claim 
1, 2 or 3 wherein said control means carries out 
said capacity varying operation of said supercharg- 
er by an open loop control process at least when 
said valve actuating means is 'adapted for a low 
speed operating condition of said engine. 

5. An engine control system according to claim 
4, wherein said open loop control process consists 
of a map control which determines said super- 
charge capacity according to a rotational speed of 
said engine and an opening angle of a throttle 
valve. 

6. An engine control system according to any 
preceding claim, wherein said control means car- 
ries out said capacity varying operation of said 
supercharger by a closed loop control process at 
least when said valve actuating means is adapted 
for a high speed operating condition of said engine. 

7. An engine control system according to claim 
6, further comprising means for detecting change 
rate of a supercharge pressure of said supercharg- 
er, a control parameter of said closed loop control 
process being varied depenoing on a detected 
level of the change rate of saic supercharge pres- 
sure. 

8. An engine control system according to any 
preceding claim, wherein said valve actuating 
means is adapted for low speed operation and said 
supercharger is adapted for a maximum capacity 
condition when said engine is placed under a cer- 
tain special operating condition. 

9. An engine control system according to any 
preceding claim, wherein said control means 
changes said supercharge capacity of said super- 
charger at least in a :ow speed range so as to 
increase its supercharge pressure output f 'rom a 
normally controlled ievei to 2 boosted levei in re- 
sponse to a change of a :evei of supercnarge 
pressure. 

10. An engine control system according to any 



preceding claim, wherein said control means 
changes said supercharge capacity of said super- 
charger at least in a low speed range so as to 
increase its supercharge pressure output from a 
5 normally controlled level to a boosted level in re- 
sponse to a change in a level of supercharge 
pressure and a change in the rotational speeo of 
said engine. 

to 
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